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TABLES AND FORMULAS. 



This volume contains all the principal Tables and 
Formulas which are likely to be used in practice. They 
have been collected and placed in this volume to make them 
coijvenient for ready reference, so that the student will not 
be obliged to hunt them out in the preceding volumes. The 
number after each formula is the same as the number 
following the same formula in the text. 
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TABLES AND FORMULAS. 



THE PROPERTIES OF SATURATED 
STEAM. 
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h 
It 


Quant i 


ies of Heat in British 
rhermal Units. 




Volume. 


> % 

li 

£■3 
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In § 
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15^1 
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l*» 


^ 


3 


% 





Ifa? 


P 


t 


3 


4 
L 


5 

H 


W 


■ 7 

V 


R 


, 


lOZ.OlS 


70.040 


1043.015 


i'i3-°55 


003027 


iZ''-\ 


„623 


2 


126.302 


94.368 


1026.094 


1.20.462 


005818 


171.9 


10730 


3 


141.654 


109.764 


'015.380 


II 25. 144 


00S532 


117.3 


732s 


4 


153.121 


121.271 


1007.370 


1128.641 


01.172 


89.5. 


5588 


i 


162.370 


130-563 


1000.899 


1131.462 


013781 


Tli 


4530 


6 


1 7°-' 73 


,38.4°. 


99S.441 


1133.842 


016357 


6,. ,4 


38:6 


7 


176-945 


'45-213 


990.695 


1135.908 


D18908 


SS.89 


3302 


. 8 


182.952 


'5'-255 


986. 4S5 


1137.740 


021436 


46.65 


29IJ 


9 


.88.357 


156.699 


982.690 


'■39.3S9 


023944 


41.77 


2607 




193.284 


161.660 


979.232 


1140.892 


026437 


37.83 


236. 


„ 


197.8.4 


166.225 


976.050 


1142.275 


028911 


34.59 


2159 


12 


202.012 


'70-457 


973.098 


1143-555 


031376 


31.87 


1990 


13 


Z05.939 


174.402 


970.346 


1144-748 


033828 


=9-56 


'845 


T4 


209.604 


,78.1.2 


967-757 


1145.869 


036265 


27.58 


1721 


14-69 


212.000 


I So- 53' 


966,069 


1146.600 


037928 


26.37 


.646 


15 


213.067 


181.608 


965.318 


1146.926 


03868S 


=s.ss 


1614 


i6 


216,347 


184.919 


963.007 


1147.926 


041109 


24.33 


1519 


17 


219.452 


188.056 


96Q.818 


.148.874 


0435 '9 


M.98 


1434 


i8 


222.424 


191.058 


958.721 


1149.779 


045920 


i,.,8 


'359 


19 


2^5-255 


193.91S 


956.725 


1150.643 


048312 


Z0.70 


1292 
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TABLES AND FORMULAS. 



I 


2 


3 


4 


5 


6 


7 


8 


/ 


t 


Q 


L 


H 


W 


V 


R 


20 


227.964 


196.655 


954.814 


1151.469 


.050696 


19.73 


1231.0 


22 


233.069 


201.817 


951.209 


1153.026 


.055446 


18.04 


1126.0 


24 


237.803 


206.610 


947.861 


1154.471 


.060171 


16.62 


1038. c 


26 


242.225 


211.089 


944.730 


1155.819 


.064870 


15.42 


962.3 


28 


246.376 


215.293 


941.791 


1157.084 


.069545 


14.38 


897.6 


30 


250.293 


219.261 


939.019 


1158.280 


.074201 


13.48 


841.3 


32 


254.002 


223.021 


936.389 


1159.410 


.078839 


12.68 


791.8 


34 


257.523 


226.594 


933.891 


1160.485 


.083461 


11.98 


748.0 


36 


260.883 


230.001 


931.508 


1161.509 


.088067 


11.36 


708.8 


38 


264.093 


233.261 


929.227 


1162.488 


.092657 


10.79 


6737 


40 


267.168 


2l(i.Z^(> 


927.040 


1163.426 


.097231 


10.28 


642.0 


42 


270. 122 


239.389 


924.940 


1164.329 


.101794 


9.826 


613.3 


44 


272.965 


242.275 


922.919 


1165.194 


.106345 


9.403 


587.0 


46 


275.704 


245.061 


920.968 


1166.029 


.110884 


9.018 


5630 


48 


278.348 


247.752 


919.084 


wbe.Zzd 


.115411 


8.665 


540.9 


50 


280.904 


250.355 


917.260 


1167.615 


. 119927 


8.338 


520.5 


52 


283.381 


252.875 


915.494 


1168.369 


.124433 


8.037 


501.7 


54 


285.781 


255.321 


913.781 


1 169. 102 


.128928 


7-756 


484.2 


56 


288. 1 II 


257.695 


912. 118 


1169.813 


.133414 


7.496 


467.9 


58 


290.374 


260.002 


910.501 


1170.503 


.137892 


7.252 


452.7 


60 


292.575 


262.248 


908.928 


1171.176 


. 142362 


7.024 


438.5 


62 


294.717 


264.433 


907.396 


1171.829 


.146824 


6.811 


425-2 


64 


296.805 


266.566 


905.900 


1172.466 


.151277 


6.610 


412.6 


66 


298.842 


268.644 


904.443 


1173.087 


.155721 


6.422 


400.^ 


6S 


300.831 


270.674 


903.020 


1173.694 


.160157 


6.244 


389.8 


70 


302.774 


272.657 


901.629 


1174.286 


.164584 


6.076 


379-3 


72 


304.669 


274.597 


900.269 


1174.866 


. 169003 


5-917 


369-4 


74 


306.526 


276.493 


898.938 


1175-431 


.173417 


5.767 


360.0 


76 


308.344 


278.350 


897.635 


1175.985 


.177825 


5.624 


351-^ 


78 


310.123 


280. 170 


896.359 


1176.529 


. 182229 


5.488 


342.6 


80 


311.866 


281.952 


895.108 


1177.060 


.186627 


5-358 


334-5 


82 


313.576 


283.701 


893.879 


1177.580 


. 191017 


5.235 


326.^ 


84 


315-250 


285.414 


892.677 


1178.091 


.195401 


5.118 


319-5 


S6 


316.893 


287.096 


891.496 


1178.592 


.199781 


5.006 


312.5 


88 


318.510 


288.750 


890.335 


1179.085 


.204155 


4.898 


305-^ 
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I 


2 


3 


4 


5 


6 


7 


8 


/ 


/ 


^ 


L 


H 


W 


V 


R 


90 


320.094 


290.373 


889.196 


1179.569 


.208525 


4.796 


299.4 


92 


321-653 


291.970 


888.075 


1180.045 


.212892 


4.697 


293.2 


94 


3^3-^^3 


293.539 


886.972 


1180.511 


.217253 


4.603 


287.3 


96 


324.688 


295.083 


885.887 


1180.970 


.221604 


4.513 


281.7 


98 


326.169 


296.601 


884.821 


1181.422 


.225950 


4.426 


276.3 


100 


327.625 


298.093 


• 

883.773 


1181.866 


.230293 


4.342 


271.1 


105 


331.169 


301.731 


881.214 


1182.945 


.241139 


4.147 


258.9 


no 


334.582 


305.242 


878.744 


1183.986 


.251947 


3.969 


247.8 


115 


337-874 


308.621 


876.371 


1184.992 


.262732 


3.806 


237.6 


120 


341.058 


311.885 


874.076 


1185.961 


.273500 


3.656 


228.3 


125 


344.136 


315-051 


871.848 


1186.899 


.284243 


3.518 


219.6 


130 


347-121 


318.121 


^(><),(i%% 


1187.809 


.294961 


3^390 


211.6 


135 


350.015 


321-105 


867.590 


1188.695 


.305659 


3.272 


204.2 


140 


352.827 


324.003 


865.552 


1189.555 


Z-i^^ZZ^ 


3.161 


197-3 


145 


355-562 


326.823 


863.567 


1190.390 


•326998 


3.058 


190.9 


150 


358.223 


329-566 


861:634 


1191.200 


•337643 


2.962 


184.9 


160 


363-346 


334.850 


857.912 


1192.762 


.ZS^^^(> 


2.786 


1739 


170 


368.226 


339.892 


854.359 


1194.251 


.380071 


2.631 


164.3 


180 


372.886 


344.708 


850.963 


1195.671 


.401201 


2.493 


155-6 


190 


377.352 


349.329 


847.703 


1197.032 


.422280 


2.368 


147.8 


200 


381.636 


353.766 


844.573 


1198.339 


.443310 


2.256 


140.8 


210 


385-759 


358.041 


841.556 


1199-597 


•464295 


2.154 


134.5 


220 


389.736 


362.168 


838.642 


1200.810 


•485237 


2.061 


128.7 


230 


393.575 


366.152 


835.828 


1201.980 


.506139 


1.976 


123.3 


240 


397.285 


370.008 


HZ'^^z 


1203. Ill 


.527003 


1.898 


118.5 


250 


400.883 


373.750 


830.459 


1204.209 


.547831 


1.825 


114.0 


260 


404.370 


377.377 


827.896 


1205.273 


.568626 


1.759 


109.8 


270 


407.755 


380.905 


825.401 


1206.306 


•589390 


1.697 


105.9 


280 


411.048 


384.337 


822.973 


1207.310 


.610124 


1.639 


102.3 


290 


414.250 


387.677 


820.609 


1208.286 


.630829 


1.585 


99-0 


300 


417-371 


390.933 


818.305 


1209.238 


.651506 


1-535 


95-8 



MISCELLANEOUS TABLES. 



SPECIFIC GRAVITIES AND WEIGHTS PER 

CUBIC FOOT. 



MBTALS. 



Substance. 



Osmium 

Platinum 

Gold 

Mercury 

Lead (cast) 

Silver 

Copper (cast) 

Brass 

Wrought Iron 

Cast Iron 

Steel 

Tin (cast) 

Zinc (cast) 

Antimony 

Aluminum 

WOOI>S 



Specific 
Gravity. 



23.00 
21.50 

1950 
13.60 

11.35 

10.50 

8.79 

8.38 
7.68 
7.21 

7.84 
7.29 
6.86 
6.71 

2.50 



Weight per 
Cubic Foot 
in Pounds. 



I7437.5 
1,343-8 
1,218.8 

850.0 
709.4 

656.3 
549.4 
5238 
480.0 
450.0 
490.0 

455-6 
428.8 

419.4 
156.3 



Substance. 



Ash 

Beech 

Cedar 

Cork 

Ebony (American) 

Lignum-vitas 

Maple 

Oak (old) 

Spruce .... 

Pine (yellow) 

Pine (white) 

Walnut 



Specific 
Gravity. 




Weight per 
Cubic Foot 
in Pounds. 



52.80 

53- 25 
35-o6 
15.00 

83.19 

^3-30 
46.88 

73-10 

31-25 
41.20 

34.60 

41.90 
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L.IQUIDS. 



Substance. 



Acetic Acid 

Nitric Acid 

Sulphuric Acid 

Muriatic Acid 

Alcohol 

Turpentine . . 

Sea Water (ordinary) 
Milk 



Weight 



Specific 
Gravity. 


per 
Cubic Foot 
in Pounds. 


1.062 


66.4 


1. 217 


76.1 


1. 841 


115. 1 


1.200 


75-0 


.800 


50.0 


.870 


54.4 


1.026 


64. 1 


1.032 


64- 5 



GASES. 



At 32° F., and under a Pressure of One Atmosphere. 



Substance. 



Atmospheric Air 

Carbonic Acid 

Carbonic Oxide 

Chlorine 

Oxygen 

Nitrogen 

Smoke (bituminous coal) 

Smoke (wood) 

*Steam at 212° F 

Hydrogen 



Specific 
Gravity. 



1. 0000 
1.5290 
.9674 
2.4400 
1. 1056 

•9736 
. 1020 

.0900 

.4700 

.0692 



Weight 

per 

Cubic Foot 

in Pounds. 



.08073 
•12344 
.07810 
. 19700 
.08925 
.07860 
.00815 
.00727 
.03790 

•00559 



* The specific gravity of steam at any temperature and pressure com- 
pared with air at the same temperature and pressure is 0.622. 
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TABLES AND FORMULAS. 



MISCBLLANKOUS. 



Substance. 



Emery 

Glass (average) 

Chalk 

Granite 

Marble 

Stone (common) 

Salt (common) 

Soil (common) 

Clay 

Brick 

Plaster Paris (average) 
Sand 



Specific 
Gravity. 


Weight 

per 

Cubic Foot 

jn Pounds. 


4.00 


250 


2.80 


175 


2.78 


174 


2.65 


166 


2.70 


169 


2.52 


158 


2.13 


133 


1.98 


124 


1-93 


121 


1.90 


118 


2.00 


125 


1.80 


113 



COEFFICIENTS OF FRICTION. 



Description of Surfaces 
in Contact. 



Oak on Oak 

Oak on Oak 

Wrought Iron on Oak . . . . 
Wrought Iron on Oak . . . . 

Cast Iron on Oak 

Cast Iron on Oak 

Wrought Iron on Cast Iron 
Wrought Iron on Bronze. . . 
Cast Iron on Cast Iron . . . . 



Disposition 
of Fibers. 



Parallel 
Parallel 
Parallel 
Parallel 
Parallel 
Parallel 



State of the 
Surfaces. 



Dry 
Soaped 

Dry 
Soaped 

Dry 

Soaped 

Slightly 

Unctuous 

Slightly 

Unctuous 

Slightly 

Unctuous 



Coefficient 

of 
Friction. 



.48 
.16 
.62 
.21 

•49 
.19 

. .18 
.18 

•'5 
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SPECIFIC HEATS OF SUBSTANCES. 



SOLIDS. 



Copper o. 095 1 

Gold o. 0324 

Wrought Iron o. 1 1 38 

Steel (soft) o. 1165 

Steel (hard) o- 1 1 75 

Zinc 0.0956 

Brass 0.0939 

Glass o. 1937 



Cast Iron o. 1 298 

Lead 0.0314 

Platinum 0.0324 

Silver 0.0570 

Tin 0.0562 

Ice o. 5040 

Sulphur 0.2026 

Charcoal 0.2410 



LIQUIDS. 



Water i . 0000 

Alcohol 0.7000 

Mercury 0.0333 

Benzine 0.4500 

Glycerine 0.5550 



Lead (melted) 0.0402 

Sulphur ** 0.2340 

Tin ** 0.0637 

Sulphuric Acid 0.3350 

Oil of Turpentine 0.4260 



Air 

Oxygen 

Nitrogen 

Hydrogen 

Superheated Steam . . . 

Carbonic Oxide 

Carbonic Acid 



GASBS. 




Constant Pressure. 


Constant Volume. 


0.23751 


0. 16847 


0.21751 


0.15507 


0.24380 


0.17273 


3.40900 


2.41226 


0.48050 


0.34600 


0.24790 


0.17580 


0.40400 


0.15350 
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TEMPERATURE AND LATENT HEATS OF 
FUSION AND VAPORIZATION. 



Substance. 



Water 

Mercury 

Sulphur 

Tin 

Lead 

Zinc 

Alcohol 

Oil of Turpentine 

Linseed Oil 

Aluminum ...... 

Copper 

Cast Iron 

Wrought Iron. . . . 

Steel 

Platinum 

Iridium 



Tempera- 
ture of 
Fusion. 



32" 

-37-8° 
228.3° 

446° 

626° 

680° 

Unknown 

14° 

• • • • 

1,400° 
2,100° 
2,192° 
2,912° 

2,520° 

3*632° 
4,892° 



Tempera- 
ture of 
Vaporiza- 
tion. 



212 

662° 

824° 

• • • • 

• • • • 

1,900° 
173° 

600° 



3,300 
5,000' 



Latent 
Heat of 
Fusion. 



142.65 

5-09 
13.26 

2565 
9.67 

50- 63 



Latent 
Heat of 
Vaporiza- 
tion. 



c)66.6 
157 



493 
372 
124 



VOLUMES AND WEIGHTS OF GASES. 



Gas. 



Volume of 
I lb. at 32° F. 
and a Ten- 
sion of I 
Atmosphere 

(14.7 lb. 

per sq. in.)- 

Cu. Ft. 



Weight of 

I Cu. Ft. at 

32° F. and a 

!Tension of i 

Atmosphere 

(14.7 lb. 

per sq. in.). 

Lb. 



Air 

Oxygen. . 
Nitrogen. , 
Hydrogen 



12.3880 

IT. 2056 

12.7226 

178.8910 



.08073 
.08925 
.07860 

•00559 



R. 



.37052 

.33552 

.38143 
5.34946 
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COEFFICIENTS OF EXPANSION. 



Name of Substance. 



Cast Iron 

Copper 

Brass 

Silver 

Bar Iron 

Steel (untempered). . . . 

Steel (tempered) 

Zinc 

Tin 

Mercury 

Alcohol 

Gases 



Linear 
Expansion. 



.00000617 
.00000955 
.00001037 
.00000690 
.00000686 
.00000599 
.00000702 
.00001634 
.00001410 
.00003334 
.00019259 



Surface 
Expansion. 



.00001234 
.00001910 
.00002074 
.00001390 
.00001372 
.00001198 
.00001404 
.00003268 
.00002820 
.00006668 
.00038518 



Cubic 
Expansion. 

.00001850 
.00002864 
.00003112 
.00002070 
.00002058 
.00001798 
.00002106 
.00004903 
.00004229 
.00010010 
.00057778 
.00203252 



BOILING POINT AND LATENT AND SPECIFIC 
HEATS OF VARIOUS SUBSTANCES. 



Substance. 



Temperature 

of Boiling 

Point. 



Nitric Acid 

Saturated Brine 

Water 

Alcohol 

Chloroform 

Ether, Sulphurous . . . 

Ether, Methyl 

Sulphur Dioxide 

Anhydrous Ammonia . 
Carbon Dioxide 



248° F. 
226° F. 
212° F. 
173° F. 
140° F. 
95° F. 

- 10° F. 
14° F. 

- 28.5°F. 

- 140° F. 



Latent Heat, 
B. T. U. 



966 



170 



• • • • 



168.7 

573 
141 



Specific Heat 
of Liquid. 



I .0000 



•5299 

• • • • 

.4100 
I .0058 

•9550 



Under a pressure of 342 pounds per square inch, carbon 
dioxide boils at a temperature of 5°. Its latent heat under 
the same conditions is 12 1.5. 
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TABLES AND FORMULAS. 



PROPERTIES OF SATURATED VAPORS. 







AMMONIA. 






Tempera- 


Pressure, 










TL'kE. 


Absolute. 


Heat 


Volume 


Volume 


Weight 






of 

Vaporization, 

Thermal 


of 

Vapor 

per Lb., 


of 

Liquid 

per Lb., 


of a 

Cu. Ft. 

of Vapor, 




Lb. 
per Sq. In. 


Deffrees F. 


Units. 


Cu. Ft. 


Cu. Ft. 


Pounds. 


/ 


/ 


r 


V 


2'1 


w 


- 40 


10.69 


11^-^1 


24.3700 


.0234 


.0410 


- 35 


12.31 


576.69 


21.2900 


.0236 


.0467 


- 30 


14- 13 


573- 69 


18.6600 


.0237 


.0535 


- 25 


16.17 


570.68 


16.4100 


.0238 


.0609 


— 20 


18.45 


567.67 


14.4800 


.0240 


.0690 


- 15 


20.99 


564.64 


12.8100 


.0242 


.0779 


— 10 


23.77 


561.61 


11.3600 


.0243 


.0878 


- 5 


26.93 


558.56 


10.1200 


.0244 


.0988 





30-37 


555-50 


9.0400 


.0246 


.1109 


+ 5 


34- 1 7 


552.43 


8.o6(X) 


.0247 


.1241 


-h 10 


38.55 


549-35 


7.2300 


.0249 


.1384 


+ 15 


42.93 


546.26 


6.4900 


.0250 


.1540 


-h 20 


47-95 


543.15 


5.8400 


.0252 


.1712 


-f 25 


53-43 


540-03 


5.2600 


.0253 


.1901 


-H 30 


59-41 


536.92 


4.7500 


.0254 


.2105 


+ 35 


65-93 


533-78 


4.3100 


.0256 


.2320 


-h 40 


7300 


530.63 


3.9100 


.0257 


.2588 


+ 45 


80.66 


527-47 


3.5600 


.0260 


.2809 


+ 50 


88.96 


524.30 


3.2500 


.0260 


.3076 


+ 55 


97-93 


521.12 


2.9600 


.0260 


.3378 


-f 60 


107. to 


517-93 


2.7000 


.0265 


•3704 


+ 65 


118.03 


514-73 


2.4800 


.0266 


•4034 


+ 70 


129.21 


511-52 


2.2700 


.0268 


-4405 


-H 75 


141-25 


508.29 


2.0800 


.0270 


.4808 


-f 80 


154.TI 


504.66 


1. 9100 


.0272 


•5236 


+ 85 


167.86 


501.81 


1.7700 


.0273 


.5649 


+ 90 


182.80 


498.11 


1.6400 


.0274 


.6098 


+ 95 


198.37 


495.29 


I. 5 TOO 


.0277 


.6622 


+ 100 


215.14 


491.50 


1.3900 


.0279 


-.7194 


+ 105 


232.98 


488.72 


1.2890 


.0281 


•7757 


4- no 


251.97 


485.42 


1.2030 


.0283 


.8312 


+ 115 


272.14 


482.41 


I.I2IO 


.0285 


.8912 


-t 120 


293.49 


478.79 


1. 0410 


.0287 


.9608 


+ 125 


316.16 


475.45 


.9699 


.0289 


1. 0310 


+ 130 


340.42 


472.11 


.9051 


.0291 


1. 1048 


+ 135 


365.16 


468.75 


.8457 


.0293 


1. 1824 


+ 140 


392.22 


465-39 


.7910 


.0295 


1.2642 


+ 145 


420. 49 


462.01 


.7408 


.0297 


1-3497 


4- 150 


450.20 


458.62 


.6946 


.0299 


1.4396 


+ 155 


481.54 


455.22 


.6511 


.0302 


1.5358 


+ 160 


514.40 


451.81 


.6128 


.0304 


1.6318 


+ 165 


549.04 


448.39 


.5765 


.0306 


1-7344 
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SULPHUR DIOXIDB. 



Tempera- 
ture of 
Ebulli- 
tion in 
Deg. F. 


Absolute 

Pressure 

in Lb. 

per Sq. In. 


Total Heat 

Reckoned 

from 32° 

Fahr. 


Heat of 

Liquid 

Reckoned 

from 32° 

Fahr. 


Latent 
Heat of 
Vaporiza- 
tion. 


Density 
of Vapor 

or 

Weight 

of I 

Cubic Ft. 


Deg. F. 


Lb. 


B. T. U. 


B. T. U. 


B. T. U. 


Lb. 


— 40 


3.16 


155-22 


-17.76 


172.98 


.048 


-31 


4- 23 


156.39 


-16.55 


172.94 


.062 


— 22 


5.56 


157-55 


-15-05 


172.60 


.079 


-13 


723 


158.69 


13.26 


171.95 


.099 


— 4 


9.27 


159.82 


— II. 18 


I 7 1 . 00 


.124 


5 


11.76 


160.93 


8.82 


169.75 


.154 


14 


14.75 


162.02 


— 6.17 


168. 19 


. 190 


23 


18.31 


163. 10 


- 3-23 


166.:^^ 


.232 


32 


22.53 


164.16 


0.00 


164. 16 


.282 


41 


27.48 


165.21 


3-52 


161.69 


•341 


50 


33-26 


166. 24 


7.32 

• 


158.92 


.410 


59 


39-93 


167.25 


II. 41 


155-84 


.491 


68 


47.62 


168.25 


15-79 


152.46 


.584 


77 


5^-39 


169.23 


20.45 


148.78 


.692 


86 


66.37 


170.20 


25-41 


144.79 


.819 


95 


77.64 


171-15 


30.65 


140.50 


.965 


104 


90.32 


172.08 

1 


36.18 


135-90 


J. 131 
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TABLES AND FORMULAS. 



CARBON DIOXIDB. 



Tem- 
perature 
of Ebul- 
lition in 
Deg. F. 


Absolute 
Pressure 

in Lb. 
per Sq. In. 


Total Heat 
from 32° F. 


Heat of 

Liquid 

from 32° F. 


Latent Heat 
of Vapori- 
zation. 


Density of 

Vapor, or 

Weight of 

I Cu. Ft. 


Deg. F. 


Lb. 


B. T. U. 


B. T. U. 


B. T. U. 


Lb. 


— 22 


210 


98.35 


- 37.80 


136.15 


2.321 


13 


249 


99.14 


- 32.51 


131.65 


2.759 


— 4 


292 


99.88 


— 26.91 


126.79 


3.265 


5 


342 


100.58 


— 20.92 


121.50 


3.853 


14 


396 


101.21 


- 14.49 


115.70 


4-535 


23 


457 


101.81 


- 7.56 


109.37 


5.331 


32 


525 


102.35 


0.60 


102.35 


6.265 


41 


599 


102.84 


8.32 


94.52 


7.374 


50 


680 


103.24 


17.60 


85.64 


8.708 


59 


768 


103.59 


28.22 


75-37 


10.356 


68 


864 


103.84 


40.86 


62.98 


12.480 


77 


968 


103.95 


5706 


46.89 


15.475 


86 


1,080 


103.72 


84.44 


19.28 


21.519 



PROPERTIES OF BRINE. 



SALT BRINB. 



B 


(U 


fie Gravity, 
60° F. 


: Salt 
ht. 





of 
Foot. 


oint, 
F. 


• 


PQ ^ 


igrees 
ilomet 
60° F. 


ent. oi 
Weig 


eight 
eGall 


eight 
Cubic 


zing P 
sgrees 






u 

bo 
d) 

Q 


Q ^ 


.f-i 



0^ 


^ 


^ 4) 




u 










1. 000 





8.35 


62.40 


32.00 


I. 000 


I 


4 


1.007 


I 


8.40 


62.80 


31.80 


0.992 


5 


20 


1037 


5 


8.65 


64.70 


25.40 


0.960 


10 


40 


1.073 


10 


8.95 


66.95 


18.60 


0.892 


15 


60 


1.II5 


15 


9- 30 


69.57 


12.20 


0.855 


19 


80 


1.150 


20 


9.60 


71.76 


6.S6 \ 


0.829 


1 


100 


1. 191 


25 


9-94 


74.26 


1. 00 


0.783 
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CAIX:iUM BRING. 



h- 


1 


P 




1 

1 . 




II 


1^ 

1p 


1 


I 1 


007 


I 


+3'->o 


21 1 


169 


19 


+ 1-76 




2 I 


01 S 




30 


38 


22 I 


179 


20 


— I 


48 




3 I 


024 


3 


'9 


48 


23 1 


189 


21 


- 4 


90 


■76 


4 '- 


032 


4 


28 


S8 


24 I 


199 


32 


- 8 


68 




5-5 r 


041 


5 


27 


68 


25 I 


209 


^3 


-II 


64 


■75 


6-5 • 


049 


6 


j6 


60 


26 1 


219 


24 


-17 


<4 




8 I 


058 


7 


as 


S' 


27 I 


229 


^S 


— 21 


82 




9 I 


067 


8 


'4 


26 


aS I 


340 


26 


-27 


04 




lo r 


076 


9 


33 


Si 


29 I 


250 


27 


— 33 


62 




11 I 


08s 


ro 


" 


38 


30 1 


261 


28 


—39 


28 




X2 I 


094 


ir 


19 


76 


31 I 


271 


29 


-46 


30 


■693 


13 ' 


103 


li 


18 


14 


32 I 


283 


30 


-54 


40 




14.5 ' 


iij 


13 


16 


34 


33 r 


294 


31 


-52 


42 




'S'S I 


121 


14 


14 


3<i 


34 I 


305 


32 


-39 


28 




17 ' 


131 


15 


"" 


JO 


35 I 


316 


33 


-25 


24 




18 I 


140 


16 


10 


04 


35'5 I 


3^7 


34 


- 9 


76 




19 1 


150 


17 


7 


5" 


36.5 I 


33« 


35 


+ ^ 


84 




20 . 


159 


18 


4 


64 


37.5 I 


349 


36 


+ '4 


36 
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TABLES AND FORMITLAS. 



STRENGTH OF AMMONIA LIQUOR. 



Percentage of 




Degrees 


Beaum6. 


Ammonia by Specifi 


c Gravity. 










Weight. 




Water 10°. 


Water o^ 


O I 


.000 


TO.O 





I 


993 


II. 


I.O 


2 


.986 


12.0 


2.0 


4 


•979 


13.0 


3.0 


6 


.972 


14.0 


4.0 


8 


966 


15-0 


5-0 


lO 


960 


16.0 


6.0 


12 


•953 


17.1 


7.0 


14 


•945 


18.3 


8.2 


i6 


•938 


195 


9.2 


i8 


•93^ 


20.7 


10.3 


20 


•925 


21.7 


II. 2 


22 


.919 


22.8 


12.3 


24 


•913 


239 


132 


26 


.907 


24.8 


14.3 


28 


.902 


25-7 


152 


30 


.897 


26.6 


16.2 


32 


.892 


27-5 


17-3 


34 


.888 


28.4 


18.2 


36 


.884 


293 


19. 1 


38 


.880 


30.2 


20.0 
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LOWEST SPECIFIC GRAVITY OF AQUA 
AMMONIA, IN DEGREES BEAUME. 



Steam Pressure in 


Ammonia Condensing Pressure, Pounds. 


Generator, Pounds. 


100 


120 


135 


150 


165 
17.0 


180 


60 


13-5 


150 


16. 


16.5 


18.0 


70 


12.5 


14.0 


150 


t6.o 


16.5 


17.0 


80 


12.0 


13.0 


14.5 


150 


15-5 


16.0 


90 


II .0 


12 .0 


13.0 


13-5 


14.5 


15-0 


100 


• • • • 


II-5 


12.5 


135 


14.0 


14.5 


120 


• • • • 


• • • • 


1^-5 


12 .0 


13.0 


13.5 



SPECIFIC GRAVITY AND SPECIFIC HEAT 

OF WORT AT 60° F. 



Strength, by Ball- 
ing Saccharometer. 


Specific Gravity. Speci 


fie Heat. 


8 


1.0320 


944 


9 


1.0363 


937 


10 


I . 0404 


930 


11 


I . 0446 


•923 . 


12 


1.0488 


.916 


13 


1.0530 


.909 


14 


1.0572 


.902 


15 


I .0614 


■895 


t6 


1.0657 


.888 


^7 


I .0700 


.881 


18 


1.0744 


.874 


19 


1.0788 


.867 


20 


I .0832 


861 
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TABLES AND FORMULAS. 



HEAT TRANSMITTED THROUGH MATERIALS 
OF THE SAME AREA AND THICKNESS. 

Pine loo 

Mineral Wool 80 

Granulated Cork 65 

Wood-Ashes 50 

Sawdust 55 

Charcoal (powdered) 65 

Cotton 35 

Paper 25 



VALUES OF THE COEFFICIENT c IN 

FORMULA 137. 



Partition. 



Single Windows. . .. 
Double Windows. . . . 

Pine Wood 

Mineral Wool 

Granulated Cork . . . 

Wood-Ashes 

Sawdust 

Charcoal (powdered) 

Cotton 

Soft Paper Felt 

Brick 

(( 

( < 

(( 
Stone (masonry)... 

ii 



Thickness, 
Inches. 



12 
12 
12 
12 
12 
12 
12 
12 

9 

14 
18 

27 

36 
6 

12 

18 

24 
30 
36 



c. 



12 .0 
7.0 
2 .0 
1.6 

1-3 
1 .0 

I . I 

1-3 
0.7 

0-5 
5-5 
4.5 
3.6 

3-0 
2.6 

2 . 2 

6. 2 

5-5 

5-0 

4-5 

4-3 
4.1 
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SPECIFIC HEAT AND LATENT HEAT 
OF FREEZING OF VICTUALS. 



Substance. 



Beef 

Veal 

Mutton . . . 

Pork 

Eggs 

Vegetables 
Cream . . . . 

Milk 

Fish 

Lobster. . . 
Oysters. . . 
Chicken .. . 




Latent Heat of 
Freezing, B. T. U. 



no 
90 

no 
72 

100 

125 
90 

115 
100 

1^5 
no 



STORAGE TEMPERATURES OF 
VARIOUS PRODUCTS. 



Article. 


Storage 
Temperature. 


Article. 


Storage 
Temperature. 


Apples 

Berries 


30° 

34° 
10° 

36° 
34° 
36° 
30° 
33° 

1 


Frozen Meat. . 
Fish 


20° 

15° 
5° 
33° 
33° 
33° 
34° 
33° 


Butter 


Furs 


Beer 


Grapes 

Lemons 

• 

Oranges 

Peaches 

Pears 


Cheese 

Dried Fruit. . . . 
EffCfs 


Fresh Meat. . . . 







5M TABLES AND FORMULAS. 

»CHBI>ULB OF TEST. 

In making a complete efficiency test of a compression 
refrigerating-machine, the data and results contained in 
the items of the following schedule should be obtained. In 
making a capacity test only, the items marked * need not 
be observed. 

General Data. 

L Date. 

2. Duration of test. 

3. Name of machine. 

4. Class of machine. 

5. Nominal capacity of machine. 
0. Diameter of steam cylinder. 

7. Stroke of steam cylinder. 

8. Diameter of ammonia cylinder. 

9. Stroke of ammonia cylinder. 

10. Diameter of brine-pump, steam end. 

11. Diameter of brine-pump, brine end. 

12. Stroke of brine-pump. 



Obsp:rvations. 

13. Average high ammonia pressure, gauge. 

14. Average back ammonia pressure, gauge. 

15. Average temperature of the brine inlet. 
IG. Average temperature of the brine outlet. 

17. Average range of temperature of brine. 

18. Weight of brine circulated per minute. 

*10. Average temperature of condensing water at inlet. 

*2(). Average temperature of condensing water at outlet. 

*21. Average range of temperature of condensing water. 

*22. Weight of water circulated per minute through 
condenser. 

*23. Weight of water circulated per minute through 
jackets. 

*24. Average temperature of water entering jackets. 

*25. Average temperature of water leaving jackets. 
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*26. Average range of temperature in jackets 

27. Average temperature in engine room. 

28. Specific gravity of brine. 

29. Specific heat of brine. 

30. Revolutions per minute. 

*31. Mean effective pressure, steam cylinder. 

*32. Mean effective pressure, ammonia cylinder. 



Results. 

*33. Average horsepower of steam cylinder. 

*34. Average horsepower of ammonia cylinder. 

*35. Average friction horsepower. 

*36. Friction horsepower in per cent, of steam horse- 
power. 

*37. Condensing water, gallons per minute per ton. 

38. Ice-melting capacity, tons per twenty-four hours. 

*39. Refrigerating effect, pounds of ice per pound of coal. 



Heat Balance. 

40. Heat given to ammonia by brine per minute, B. T. U. 

41. Heat given to ammonia by compressor per minute, 
B. T. U. 

42. Total heat received by ammonia per minute, B. T. U. 

43. Heat delivered to condenser by ammonia per minute, 
B. T. U. 

44. Heat delivered to jackets by ammonia per minute, 
B. T. U. 

45. Total heat rejected by ammonia per minute, B. T. U. 

46. Difference between heat received and rejected, 
B. T. U. 



00 TABLES AND FORMULAS. 



FORMULAS. 



FORMULAS USED IN MENSURATION. 



THB PARALLELOGRAM. 

h = altitude of parallelogram, expressed in any unit; 
b = base of parallelogram, expressed in same unit; 
A = area of parallelogram. 

A^hb. (44.) Art. 375. 



-4- 

-4- 



(46.) Art. 377, 



TH£ TRAPBZOin. 

h = altitude of a trapezoid ; 
/ = length of one of its parallel sides; 
/j = length of the other parallel side ; 
A = area of trapezoid. 



= a(-^»Y (45.) Art. 376. 



THB TRIANGLB. 

Ay B,C= the number of degrees in the three angles, 
respectively. 

B = 180° -A-C. [ (47.) Art. 382- 

C=180°-^-A ) 

A^ and B^ = the number of degrees in the two acute 

angles, respectively, of any right-angled 
triangle. 



— 00° — B ) 
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Gl 



a and b = the lengths, respectively, of the two short sides 
of a right-angled triangle ; 
c = length of third side, or hypotenuse. 

c = ^^+J\ (49.) Art. 385. 

a = i^?^.) ^ Art. 385. 

h = altitude of given triangle ; 
b — base of triangle ; 
A = area of triangle. 

bh 



A = 



h = 



b = 



2 

%A 

b 

%A 



(51.) Art. 386. 



(52.) Art. 386. 



N 
D 



THE POLYGON. 

number of sides in any regular polygon, 
number of degrees in each interior angle. 



180 (A^^ 2) 

N 



(53.) Art. 389. 



d 

N 
A 



length of side of any regular polygon ; 
perpendicular distance from center of polygon (Le. 
center of circumscribing circle) to any side; 
number of sides ; 
area of polygon. 

^^^ . (54.) Art. 390. 



^ = 



2 



d 
c 
A 
I 
n 
a 



THB CIRCLE, 

diameter of circle ; 

circumference ; 

area ; 

length of arc ; 

number of degrees in arc; 

area of sector ; 
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a^ = area of segment ; 

«j = number of degrees in sector; 

7c =3.1416. 

c -Tzd, (55.) Art. 402. 

df = i. (56-) Art. 403. 

TT 

/ = g^. (57.) Art. 404. 

^ = -^ = . 7854 ^^ (58.) Art. 405, 



^ = ^. (60.) Art. 407. 



^j^ = i|!- 1/^-.608. (61 .) Art. 408. 



TH£ PRISM, CYLrlNDBR, CONB, AND PYRAMID. 

/ = perimeter of the base of the prism, cylinder, cone, oi 

pyramid ; 
h = altitude; 
A, = slant height of cone ; 
A = area of convex surface ; 
a = area of base ; 
A^= total area of outside surface; 
V = volume. 

Prism and cylinder ) A= A+2a,\ ^^^'^ ^^^' '**®* 

(v = aA. (63.) Art. 417. 

^ - "2~* [ (64.) Art. 422. 

Pyramid and cone ■{ A^= A -{-a.) 

F = ^, (65.) Art. 423. 



TABLES AND FORMULAS. 63 

FRUSTUM OF CONB OR PYRAMID. 

p = perimeter of upper base of frustum ; 
/j= perimeter of lower base of frustum; 
h = altitude of frustum ; 
Aj = slant height ; 
a = area of upper base; 
a^ = area of lower base; 
A = convex surface ; 
A^^ total surface; 
V = volume. 




(66.) Art. 426. 



h 



V=z{a+a^ + i/aa^) - . (67.) Art. 427, 



THe SPHBRB. 

a = diameter of sphere ; 
A = area of surface ; 
F= volume; 
3r =3.1416. 

A = 7:d\ (68.) Art. 429. 

F = |- TT ^' = . 5236 d\ (69.) Art. 430. 



THB CYLINDRICAL RING. 

a = area of cross-section of ring ; 
c = circumference of cross-section ; 
D = mean circumference of ring ; 
A = convex area of ring ; 
y=z volume of ring. 

A=nc, (70.) Art. 431. 

F=I>a. (71.) Art. 432. 
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FORMULAS USED IN ELEMENTARY ALGEBRA 
AND TRIGONOMETRIC FUNCTIONS. 



IMPORTANT ALGEBRAIC IDBNTITIB8. 

{:z + dy =za' + 2ab + b\ (1 .) 

{a - by = a'- 2ab + b\ (2.) 

(^a + b){a-b)=a'-b\ (3-) J 



hArt. 497. 



TRIGONOMETRICAL RELATIONS. 

The trigonometric functions are defined as follows: 

Sin. = '''^' 'Tff *^'' ''"^^'- Art. 594. 

hypotenuse 

Cosine _side_a^jacetU 

hypotenuse 

Tangefit = -r-j — ^ -. Art. 596« 

^ side adjacent 

^ , , side adjacent . ^^^ 

Cotangent = —^-j — ^ — r—. Art. 597. 

^ side opposite 

The following relations between the sides and angles of a 
right triangle are derived directly from the definitions of 
the trigonometric functions. Art. 609* 

I. Side opposite an angle = hypotenuse X sine of angle, 

II. Side adjacent = hypotenuse X cosine, 

III. Side opposite = side adjacent x tangent, 

IV. Side adjacent = side opposite X cotangent, 

^y. rr . . side opposite 

V. Hypotenuse = ^ . 

^ sine 



___ rr side adjacent 
VI. Hypotenuse = < . 



cosine 



Let «, ^, and ^ denote the sides and A^ J5, and C the 
angles of any oblique-angled triangle; the angle A being 
opposite the side a^ angle B opposite side b^ etc. 
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mu a sin A l - a - r> 

Then^ 7 — — — ^, or a : a = sin A : sin B\ 



I sin B 
b sin B 



c sin C 

c __ sin C 
a ~~ sin A 



, or b : c = sin ^ : sin C ; 



, or c : a= sin C : sin ^. 



Rule. — In any triangle^ the sides are proportional to the 
sines of the opposite angles. Art. 615. 



RULES USED IN LOGARITHMS. 



RULrBS FOR THB CHARACTERISTIC. 

I. For a number greater than 1 the characteristic is one 
less than the number of integral places in the fiumber. 

By ** integral places" is meant the figures (including 
ciphers) to the left of the decimal point. 

II. For a number wholly decimal^ the characteristic is 
fiegative^ and is numerically one greater than the number of 
ciphers between the decimal point and the first digit of the 
decimal. Art. 625* 



RULES FOR USING THB TABLE OF LOGARITHMS. 

To Find tlie Losarltlmi of a Number Not Having: 
More Tlian Four Figures. — Find the first three signifi- 
cant figures of the number whose logarithm is desired^ in the 
left-hand column ; find the fourth figure in the column at the 
top {or bottom) of the page ^ and in the column ufidcr (or above) 
this figure^ and opposite the first three figures previously found 
will be the mantissa or decimal part of the logarithm. The 
characteristic being found^ write it at the left of the man- 
tissa^ and the resulting expression will be the logarithm of 
the required number. Art. 627. 

To Find tlie Logai'ltlim of a Number Consisting: of 
Five or More Figures. — I. If the number consists of more 
than five figures and the sixth figure is 5 or greater^ increase 



66 TABLES AND FORMULAS. 

the fifth figure by i, and write ciphers in place of the sixth 
and remaining figures. 

II. Find the mantissa corresponding to the logarithm, of 
the first four figures^ and subtract this mantissa from the 
next greater mantissa in the table ; the remainder is the 
difference, 

III. Find in the secondary table headed P, P. a columr. 
headed by the same number as that just found for the differ 
encCy and in this column opposite the number corresponding 
to the fifth figure {or fifth figure increased by 1) of the given 
number (this figure is always situated at the left of the 
dividing line of the column) will be found the P, P, {propor- 
tional part) for that fiumber. The P. P, thus found is to be 
added to the mantissa found in 11^ as in the preceding 
examples^ and the result is the mantissa of the logarithm of 
the given number ^ as nearly as may be found with five-place 
tables. Art. 636. 

To Find a Number "Wliose LrOSArltlmi Is Given. — 

I. Consider the mantissa first. Glance along the different 
columns of the table which are headed until the first two 
figures of the mantissa are found. Then glance down the 
same column until the third figure is fouftd {or 1 less than the 
third figure). Having found the first three figures., glance 
to the right along the row in which they are situated until 
the last three figures of the mantissa are found, Then^ the 
number which heads the column in zvhich the last three fig- 
^ ures of the mantissa are found is the fourth figure of the 
required number y and the first three figures lie in the column 
headed N, afid in the same row in which lie the last three 
figures of the mafitissa, 

II. If the mantissa cannot be found in the table, find the 
mantissa which is nearest to, but less than, the given mantissa, 
and which call the next less mantissa. Subtract the next less 
mantissa from the next greater mantissa in the table to obtain 
the difference. Also stibtract the fiext less mantissa from the 
"fnantissa of the given logarithm, and call the remainder the 
P. P, Looking in the secondary table headed P. P, for 
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the column headed by the difference just founds find the num- 
ber opposite the P, P. just found {or the P, P. corresponding 
most nearly to that just found); this number is the fifth 
figure of the required number; the fourth figure will be 
found at the top of the column containing the next less mantissa^ 
and the first three figures in the column headed N and in the 
same row which contains the next less mantissa. 

III. Having found the figures of the number as above 
directed^ locate the decimal point by the rules for the character- 
istic^ annexing ciphers to bring the number up to the required 
number of figures if the characteristic is greater than Jf, Art. 
638. 



MULTIPLICATION BY LOGARITHMS. 

Rule. — To multiply two or more numbers by using log- 
arithms^ add the logarithms of the several numbers^ and 
the sum will be the logarithm of the product. Find the num- 
ber correspofiding to this logarithm^ and the result will be the 
number sought. Art. 647. 



DIVISION BY LOGARITHMS. 

Rule. — To divide one number by another by means of log- 
arithms^ subtract the logaritlun of the divisor from the 
logarithm of the dividend ; the result will be the logarithm 
of the quotient. Art. 652. 



INVOLUTION BY LOGARITHMS. 

Rule. — To raise a number to any power by the use of 
logarithms^ multiply the logarithm of the number by the 
exponent which denotes the power to which the number is to 
be raised ; the result will be the logarithm of the required 
power. Art. 657. 

If the number is wholly decimal, so that the characteristic 
is negative, multiply the two parts of the logarithm sepa- 
rately by the exponent of the number. If after multiplying 
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the mantissa^ the product Itas a cliaracteristic^ add it, alge- 
braically, to the negative characteristic, multiplied by the 
exponent, and the result zuill be the negative c liar act eristic of 
the required power. Art. 658. 



EVOLUTION BY LOGARITHMS. 

Rule. — To extract any root of a number by means of log- 
arithms, divide the number by the index of the root ; the 
result will be the logarithm of the root. Art. 662. 

If it is required to extract a root of a number wholly 
decimal, and the negative characteristic will not exactly 
contain the index of the root, without a remainder, proceed 
as follows: 

Separate the two parts of the logarithvi ; add as many units 
{or parts of a unit) to the tiegative characteristic as will make 
it exactly co7itain the i7tdex of the root. Add the same num- 
ber to the mantissa, and divide both parts by the index. The 
result will be the characteristic and mantissa of the root. 
Art. 663. 



FORMULAS USED IN ELEMENTARY 

MECHANICS. 



UNIFORM MOTION. 

Let 5 = the length of space passed over uniformly; 

/ — the time occupied in passing over the space S\ 
V =■ the velocity. 

V=j. (7.) Art. 859. 

S = Vt. (8.) Art. 859. 

/ = -^. (9.) Art. 859. 
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MASS, l^BIGHT, AND GRAVITY. 

If the mass of the body be represented by m, its weight 
by W, and the force of gravity at the place where the body 
was weighed by g^ we have 

weight of body W t^^\ a 4. ooc 

mass = = — ?— ^ ^ , or w = — . (lO.) Art. 888. 

force of gravity g 



FORMULrAS FOR GRAVITY PROBLEMS. 

Let W=^ weight of body at the surface; 

w =z weight of a body at a given distance above or 

below the surface; 
d = distance between the center of the earth and the 

center of the body ; 
R = radius of the earth = 4,000 miles. 

Formula for weight when the body is below the surface: 
wR = dW, (11.) Art. 891. 

Formula for weight when the body is above the surface . 
wd^=WI^, (12.) Art. 891. 



FALLING BODIBS. 

Let^= force of gravity = constant accelerating force due 
to the attraction of the earth; 
/ = number of seconds the body falls; 
%f = velocity at the end of the time /; 
h = distance that a body falls during the time /. 

v = gf. (13.) Art. 896. 

714^/ is^ the velocity acquired by a freely falling body at the 
end of t seconds equals 82.. 16 multiplied by the time in seconds, 

/ = -. (14.) Art. 896. 
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That is^ the number of seconds during ivhich a body must 
have fallen to acquire a given velocity equals the given velocity 
in feet per second divided by 32. 16. 

// = ^. (15.) Art. 896. 
"Zg 

That is, the height from which a body must fall to acquire 
a given velocity equals the square of the given velocity divided 
by 2x 32. 16. 

V = i/Jgh. (16.) Art. 896. 

That is, the velocity that a body will acquire in falling 
through a given height equals the square root of the product 
of twice 32. 16 and the given height. 

h = \gt\ (1 7.) Art. 896. 

That is, the distance a body will fall in a given time equals 
32.16 -r- 2 multiplied by the square of the number of seconds. 

t = i/?i. (18.) Art. 896. 

That is, the time it will take a body to fall through a given 
height equals the square root of ttuice the height divided by 

32. 16. 



CENTRIFUGAL FORCB. 

The value of the centrifugal force of any revolving body, 
expressed in pounds, is 

F = . 00034 WRN^', (19.) Art. 903. 

in which F = centrifugal force ; 

W= total weight of body in pounds; 

R = radius, usually taken as the distance be- 
tween the center of motion and the cen- 
ter of gravity of the revolving body, in 
feet ; 

iV = number of revolutions per minute. 
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THE CENTER OF GRAVITY OP TWO BODIES. 

Let / = the distance between the centers of the bodies ; 
/, = the short arm ; 
w = weight of small body ; 
IV= weight of large body. 

A = ipqr^- (20.) Art. 911. 

THE EFFICIENCY OF A MACHINE. 

Let F = the force applied to the machine ; 
V = the velocity ratio of the machine ; 
W= the weight actually lifted or equivalent resist- 
ance overcome; 
E = the efficiency of the machine ; 

W 
Then, E = jr^^. (22.) Art. 950. 

W^ORK. 

If the force necessary to overcome the resistance be repre- 
sented by Fy the space through which the resistance acts by 
S, and the work done by C/, then U= F S, 

li IV= the weight of a body, and A = the height through 
which it is raised, [/= W It. Hence the work done 

U=FS=W //. (23.) Art. 953. 



POWER. 

The power of a machine may always be determined by 
dividing the ivork done in foot-pounds by the time in minutes 
required to do the work; i, e, , 

FS 
Power = -^. (24.) Art. 954. 



KINETIC ENERGY. 

Let W^=. the weight of the body in pounds; 

V = its velocity in feet per second ; 

h = the height in feet through which the body must 

fall to produce the velocity v; 

IV 
m = the mass of the body = — . (See formula lO.) 
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The work necessary to raise a body through a height 
h is Wh, The velocity produced in falling a height h is 

z/= ^Igh, and A = ^r-- (See formulas 15 and 16.) 

z;» W 

Therefore, work = Wh = W-zr— = i X — xv^ = ^mv^,ox 

^g g ^ ' 

Wk = ^m v". (25.) Art. 957. 



DBNSITY. 

Let D equal the density, m the mass, and W the weight, 
and Kthe volume (in cu. ft.) of a body. Then 

m WW 

D=:-Yyr, Since m = — , D = — r^. (26.) Art. 962. 



FORMULAS USED IN PNEUMATICS. 



PRBSfilURB, VOLUMB, DBNSITY, AND l^BIGHT OP AIR 
WHBN THB TBMPBRATURB IS CONSTANT. 

Mariotte*B Law'. — The temperature remaining the same^ 
the volume of a given quatitity of gas varies inversely as the 
pressure. 

Let / = pressure for one position of the piston ; 

p^ = pressure for any other position of the piston; 
V = volume corresponding to the pressure/; 
v^ = volume corresponding to the pressure/,. 

Then, pv=p^ v^. (53.) Art. 1049. 

Let D be the density corresponding to the pressure/ and 
volume V, and D^ be the density corresponding to the 
pressure/, and volume v^; then, 

/ : D =/, : Z)„ or/ Z>, =/, I), (54.) Art. 1052. 

and v\ D^ — v^\ D, or v D = v^ Z>,. (55.) Art. 1052'. 

Thus, let W be the weight of a cubic foot of air or other gas, 
whose volume is v^ and pressure is/; let W^ be the weight of 
a cubic foot when the volume is 7^,, and pressure is/,; then, 

pW^=p^ W. (56.) Art. 1052. 

V W = v^ W^. (57.) Art. 1052. 
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PRBS8URB AND VOLUMB OF A GAS WITH VAIMABLB 

TBMPBR ATURB , 

Gay-Lussac's Laiw^. — If the pressure remains constant^ 
every increase of temperature of i° F, produces in a given 
quantity of gas an expansion of -^^ of its volume at 32° F, 

If the pressure remains constant it will also be found that 
every decrease of temperature of 1° F. will cause a decrease 
of -^ of the volume at 32° F. 

Let V = original volume of gas; 
z/j = final volume of gas ; 

/ = temperature corresponding to volume v; 
/j = temperature corresponding to volume v . 

Then, v^ = v ( ^^^ + M . (58.) Art. 1054. 

That is, the volume of gas after heating {or cooling) equals 
the original volume multiplied by JfiO plus the final tempera- 
ture divided by JfiO plus the original temperature. 

Let / = the original tension ; 

/ = the corresponding temperature ; 
/j = final tension ; 
/j = final temperature. 

Then, /, = / (^^^)- (S9.) Art. 1055. 

Let / = pressure in pounds per square inch ; 
J/r= volume of air in cubic feet; 
T = absolute temperature ; 
W ^=- weight in pounds. 

Then, . p V= .37052 T, (60.) Art. 1056. 

If the weight of the air be greater or less than 1 pound, 
the following formula must be used : 

p V=. 37052 W T. (6 1 .) Art. 1 057. 

Let /„ F„ and 7", represent the pressure, volume, and 
temperature of the same weight of air in another state; 
then, 

1^ = ^^^. (62.) Art. 1058. 
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MIXTURB OP two' GASBS HAVING UNBQUAL VOLUMB8 

AND PRBSSURBS. 

Let V and / be the volume and pressure, respectively, of 
one of the gases. 

Let v^ and /, be the volume and pressure, respectively, of 
the other gas. 

Let V and P be the volume and pressure, respectively, of 
the mixture. Then, if the temperature remains the same, 

VP=^vp + v^p^, (63.) Art. 1 062. 



MIXTURB OP TWO VOLUMBS OF AIR HAVING UNBQUAL 
PRBSSURBS» VOLrUMBS» AND TBMPBRATURBS. 

If a body of air having a temperature /„ a pressure/,, and 
a volume z/„ be mixed with another volume of air having a 
temperature /„ a pressure/,, and a volume z/„ to form a 
volume V having a pressure P^ and a temperature /, then, 
either the new temperature /, the new volume V, or the new 
pressure P may be found, if the other two quantities are 
known, by the following formula, in which Z„ 7",, and T 
are the absolute temperatures corresponding to /„ /„ and /: 

PV= p^ + ^] T: (64.) Art. 1 063. 

FORMULAS USED IN HEAT. 



TO CHANGB FAHRENHEIT TBMPBRATURBS TO CBNTI- 
GRADB, AND CBNTIGRADB TO FAHRBNHBIT. 

Let /p = temperature Centigrade, and tj. = temperature 
Fahrenheit. Then, 

/^ = I /^ + 32°, (65.) Art. 1 1 04. 

and /, = (/> - 32°) f (66.) Art. 1 104. 



EXPANSION OR CONTRACTION OF BODIES FROM CHANGBd 

OF TEMPERATURE. 

Let L = length of any body ; 

/ = amount of expansion or contraction due to heat- 
ing or cooling the body ; 
A = area of any section of the body; 
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a = increase or decrease of area of the same section 
after heating or cooling the body ; 

V = volume of the body ; 

V = increase or decrease in volume due to heating or 

cooling the body ; 
C, = coefficient of expansion taken from column 1, 

Table 1 ; 
C, = coefficient taken from column 2, Table 1 ; 
C^ = coefficient taken from column 3, Table 1 ; 
/ = difference in degrees of temperature between 

the original temperature and the temperature of 

the body after it has been heated or cooled. 

Then, /= LC^f; (67.) Art. 1113. 
a = A C, /; (68.) Art. 1113. 
v= V C^t, (69.) Art. 1113. 



RBSULrTING TBMPBRATURBS AND SPECIFIC HBATS OF 
THE MIXTURB OF SEVERAL BODIES HAVING 
UNEQUAL TEMPERATURES. 

._ ^^,^iA+ ^n^,^+ ^3^3^ + etc. j (73.) 

W^s^+ W^s^ J^W^s^ + etc. . ' ( Art. 1 136. 

^, , _ ^,^.(/.-/)+rF, .,(/,-/) + etc. ( (74.) 

W^{t- /,) ' ( Art. 1 1 37. 

in which / is the final temperature of the mixture; W^, s^, 
and /„ the weight, specific heat, and temperature, respect- 
ively, of one body; JF„ j„ and t^ the same for second body; 
and ^F„ s^^ and t^ the same for a third body, etc. 



WORK DONE BY THE ISOTHERM AI. EXPANSION OF A GAS. 

L = the work in foot-pounds ; 

P = the total initial pressure in pounds per square foot; 

P^ = the total final pressure in pounds per square foot; 

F = the initial volume in cubic feet; 

F, = the final volume in cubic feet. 

L = 2.3026 P V log ^. (75.) Art. 1160. 
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P V 
Since PV= P^ V^,-p-= ^, and formula 75 might be 

written 

Z = 2. 3026 P V log ■^. (76.) Art. 1 1 60. 

Whichever formula is used it must be kept in mind that 

V P 
the fraction -j^or -p- must always be greater than 1 ; tJiat is, 

the numerator must always be greater than the denominator. 



l^ORK RBQUIRBD TO COMPRESS A GAS ISOTHGRMALCY. 

L = 2.3026 PV log -^^ ' (77.) 

Z = 2.3026PFlog-^, (78.) Art. 1162. 

in which the letters have the same meaning as before, and 
the larger volume or pressure is always in the numerator. 

Formulas 75, 76, 77, and 78 will be easier to use if 
the pressure be taken in pounds per square inch, and 
144x2.3026 = 331.5744 be substituted for 2.3026. As 
before, the volume must always be taken in cubic feet. 
Formulas 75 and 76 then become 

Z = 331. 5744 / Flog -^, (79.) 

L = 331.5744/ Flog 4, (SO.) Art. 1 163. 

in which / = pressure in pounds per square inch. 



RBLrATION BBTl^BBN PRBSSURBS AND VOLUMBS OF AIR 
DURING ADIABATIC EXPANSION OR COMPRESSION. 

Let/ and z/ = the volume and pressure during one 

stage ; 
/j and v^ = the volume and pressure during the next 

stage ; 
/, and v^ = the volume and pressure during the third 

stage, etc. ; 

enpv"'' =/^ v^'-'' =/, z;/"* = etc. (81.) Art. 1 164. 
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mrORK DONE BY THB ADIABATIC EXPANSION OF AIR. 

Let L = work in foot-pounds ; 

P = initial pressure in pounds per square foot ; 
P^ = final pressure in pounds per square foot ; 
V = initial volume in cubic feet ; 
Fi = final volume in cubic feet. 

Z = 2.44PFri-(-^y'n, (82.) Art. 1165. 

l-(-^j J. (83.) Art. 1166. 

Let/ and/j be the initial and final pressures, respectively, 
in pounds per square inch, then, 

L = 35L36/ fTi - (-^) '1, (84.) 

L = 351.36/ F Tl - (M'"""l. (85.) Art. 1 167. 

The relation between the pressures and temperatures, and 
the volumes and temperatures, during the adiabatic 
expansion of air, are given by the following formulas: 

(r)\ .20078 'p 

-p) = -Y' (®^-) ^^^- 1 1 ^^• 

(-^y = ^. (87.) Art. 1170. 

To obtain the area of the diagram representing the adia- 
batic compression of air, the following formula may be used 
which gives it directly when / and p^ are the greater and 
lesser pressures, respectively, and Fand Fj their correspond- 
ing volumes: 

pV-p,V^ 



.41 



= area. (88.) Art. 1172. 



EFFICIENCY OF A PERFECT HEAT ENGINE. 

P V V 

Let c = — W-^> ^^^ ^ = Tr't then, the efficiency of a perfect 

heat engine - aiM^li^g^IZ^Z^ - R -L^-J^ (8q \ 
neat engine- a. 3020 ^ T, log r, -^- 1\ ' ^****-^ 

Art. 1182. 
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That is, for a perfect heat engine^ operating through a re- 
versible cycle process^ the efficiency of the machine is the 
ratio of the difference of the absolute temperatures of 
the sources of heat and of cold to the absolute temperature 
of the source of heat, 

FORMULAS USED IIV STEAM AND STEAM 

ENGINES. 



RBLATION BBTl^BEX THB PRESSURE AND TBMPERA- 

TURB OF SATURATED STBAM. 

Let / = temperature, Fahrenheit; 

7"= absolute temperature = / -f- 460°; 
/ = absolute pressure (pressure above vacuum) in 
pounds per sq. in. 

T ^ o^c^c^n ^.719.78 400,215 j (90.) 

Log/ = G.1007 ^ -^^. i Art! 1197. 

TOTAL HEAT OF VAPORIZATION. 

Let H = total heat of vaporization ; 
/ = temperature ; 

//= 1,081.94 + .305 /. (91.) Art. 1200. 



SPECIFIC VOLUME OF SATURATED STEAM. 

p v\\ = 475, (92.) Art. 1203. 

in which / is the pressure in pounds per square inch, and V 
the volume in cubic feet of a pound of steam at the given 
pressure. 

l^ORK DONE IN THE CYLINDER OF A STEAM ENGINE. 

Let P = the pressure on the piston in pounds per sq. ft. ; 
p = pressure on piston in pounds per sq. in. ; 
V = volume swept through by the piston ; 
W= work in foot-pounds. 

Then, W= P V= 144/ F. (93.) Art. 1212. 



RELATION BETWEEN CLEARANCE, CUT-OFF, AND NUM- 
BER OF EXPANSIONS, OR RATIO OF EXPANSION. 

Let c = the number of expansions; 

i = the clearance, expressed as a per cent, of the stroke; 
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k = the real cut-off ; 
k^= the apparent cut-off; 

r = the apparent number of expansions = -r-. 
Then, ^ = ^ and k=-. (96.) Art. 1 254. 

k = ^^, (97.) Art. 1 254. 



TO FIND THB ARBA OP A THEORBTICALr DIAGRAM AND 
THB WORK RBPRBSKNTED BY THB DIAGRAM. 

Let A = total area of diagram in square inches ; 
/, = initial pressure measured in inches ; 
Fj = volume at cut-off measured in inches ; 
L — work in foot-pounds ; 
a = net area of diagram ; 
h = scale used to lay off pressures; 
h^ = scale used to lay off volumes. 

A = 2.3026 A V, logy\ (94.) Art. 1215. 

L = lUaAA^. (95.) Art. 1215. 



INDICATED HORSBPOmrBR AND MBAN BFFBCTIVB 

PRBSSURB. 

Let P= the M. E. P. in lb. per sq. in. ; 
A = the area of piston in sq. in. ; 
L = the length of stroke in ft. ; 
N= the No. of strokes per min. 

Then, the work done per minute is P L A N foot-pounds. 
One horsepower = 33,000 foot-pounds per min. 
Therefore, the indicated horsepower of the engine is found 
from the formula 

PT A AT 
^- ^- ^- = 33,000 - ^^®*) ^'■'- *2®®- 

When the point of real cut-off, and the steam pressure 






:2- ?. 3iaT 



■ T—- iT 



m— f ; rr:ir^T - -j-r TaMIUU 









T •*. 



U^niESr, -alliX _- -* -^^*^-T ^ __ j^ 3.__ 





_r nr xLumnsT ^r r^ii^^ ihhoii^ one nnmiXKi 



X. 

N 



1 

■^ S 



^ JT 



x— : ;f 2 



^>t^ c = rill': :c -txzazsL'.c in iiipi-cresBare cylinder: 

:: = 'r:l.izie cc ijlizoer nMiii:x:z:^ steam from the 

P^= volume of cjlizd^r exh^Lzsciii^ into atmosphere 
or condenser. 



'I h/',r,, /i = —, 1 102- ) Art- 1 2»8. 



yAT§4f HKTWKK% THE CTLI^DEKS OP A COMPOU?n> 

B5IGI5IE. 

tjt'.iiitu/^ t.h'', h'XVtv^ have the same meaning as in the last 
^/f mimI^i, then either of the following formulas may be used: 
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E = 2.72 — , or — = -|-. (103.) Art. 1306. 

— = /£. ' (104.) Art. 1306. 

AMOUNT OP liV^AXeR AND THB COOLING SUKFACB FOR 

CONDENSBRS. 

Water Required by a Condenser. 

Let /, = the temperature of departing condensing water ; 
/, = the temperature of entering condensing water ; 
/, = the temperature of the condensed steam upon 

leaving the condenser ; 
H r= total heat of one pound of steam at the pressure 

of the exhaust ; 
W= the weight of water required per pound of steam 
condensed. 

^=^^-T^tT^' (105.) Art. 1 323, 

1 a 

Cooling Surface. 

Let 5 = the required surface in square feet ; 
IV = total weight of steam used per hour. 

Then, 5= .0944 W, (106.) Art. 1325. 



TO FIND THE W^EIGHT OF A FL,Y-WHEEL. 

Let Fj = the greatest velocity of the crank-pin in ft. per sec. ; 
F^= the least velocity of the crank-pin in ft. per sec. ; 
V^= average velocity of crank-pin in ft. per sec. ; 
IV = required weight of fly-wheel in pounds; 
H = the number of foot-pounds per sq. in. of piston 

represented by the excess of crank effect over 

the resistance; 
A = area of piston in square inches ; 
n = ratio between radius of fly-wheel and length of 

crank ; 

V — V 
E = * , , — - = coefficient of unsteadiness. 

^ 

W= i^fr, . (t07.) Art. 1328. 
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FORMULAS USED IN PRINCIPLES OF 

REFRIGERATION. 



TRANSPBR OF HEAT. 

Let (2i = heat delivered to condenser in B. T. U. ; 
(2, = heat taken from body cooled in B. T. U. ; 
IV= work in foot-pounds done by engine on working 

fluid; 
/ = 778 = mechanical equivalent of heat. 

IV 
Then, (2, = (2, + y. (108.) Art. 1337. 



RBFRIGBRATING CAPACITY. 

Let ^= B. T. U. abstracted from cold body in 24 hours; 
// = B. T. U. abstracted from cold body in 1 hour; 
F= refrigerating capacity, expressed in tons. 

'^'^"' ^=28^' (»0»-) Art. 1338. 

or ^= ,, ot-v - (llO.) Art. 1338. 

li,oo<.D 



THBORBTICAL MAXIMUM BFFICIBXCY OF A HBAT BNGINE. 

Let £ = theoretical maximum efficiency; 

(2i = heat given up by the hot body in B. T. U. ; 

(2, = heat rejected to the cold body in B. T. U. ; 

Z", = absolute temperature at which heat is delivered 

to condenser; 
T^ = absolute temperature at which heat is abstracted 
from cold body. 

Then, E= g» (111.) Art. 1340. 

^ = T ~ T ' (112.) Art. 1 340. 

£=^. (113.) Art. 1340. 

In the last formula, / and IV have the same significance 
as in formula 108. 



i 
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GBNBRALr THEORY OF AIR MACHINE. 

In the following discussion, it will be assumed, for the 
sake of simplicity, that compression and expansion are 
adiabatic and that the air is drawn into the compressor from 
the cooling chamber, so that the machine works through a 
closed cycle. The clearance of the two cylinders will be 
neglected. Referring to the diagram, Fig. 1, let V^, Vty 

Vcj Va denote the volumes, 
^a, 7;, 7;, Ta the abso- 
lute temperatures, and /„, 
^6» ^0 ^d the ordinary tem- 
peratures of the air when 
in the states represented 
by the points A, B^ C, and 
i?, respectively; and let 
/j and p^ denote the pres- 
sures of the air during 
the operations D A and 
B Cy respectively ; also let 
Sp and s^ denote, respect- 
ively, the specific heat of air at constant pressure and con- 
stant volume, and let M denote the weight of air used per 
stroke of the compressor. 

The temperatures /« of the cooling chamber and /^ of the 
air as it leaves the condenser are known or assumed, and 
the temperatures tf, and t^ can be obtained by formula 86, 
Heat. Thus, 

£=(;-;)""'-S=te)'""=T:- « 

To find the volume of the air at the end of compression, 
we have, from formula 81, 

or ^'^^-Ia)"^- ^*^ 

The volume of the air during the cooling in the condenser 



Fig. 1. 
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decreases from Vi, to V^ at constant pressure. According 
to formula 71, 

and p^V, = RMT,. 

Dividing, W- = ^> 

or V,= V,^. {c) 



Finally, P.Vr =p,Va 



b 



or V, 



Since from (*) (4rY^' = -&, 

we have V,= K^^, or -^^ = -^. (^) 

The preceding formulas enable us from the assumed data 
to calculate the volume and temperature of the gas at each 
of the four points A, B^ C, and D. 

The heat given up by the air to the condenser is 

Q^ = SpM (/, - /,). {e) (See Art. 1 1 35, Heat. ) 

The heat absorbed by the air from the cooler as it expands 
from D to A is 

The specific heat Sp is used for the reason that the air 
passes through the condenser and through the cooler at con- 
stant pressure, as shown by the lines B C and DA. 

The heat equivalent of the work done on the air — repre- 
sented by the area ABC D — must be precisely the differ- 
ence between the heat delivered to the condenser and that 
abstracted from the cooler. Hence, denoting the net work 
by Wy we have 

j = Q,-Q, = s^M\ (4 - /,) - (/„ - /,) ], 

or W = Js^M[(t,- t,) - (/„ - /„) ] 

= Js,M[{T,-T,)-{T„-T,)l {g) 
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The theoretical efficiency is therefore 

''- w -/j,j/[(r,-7;)-(7;-r,)] 



7; -7; 



{T,-T,)-(T^-ny 



{h) 



T^ T, 



Since -^ = ^, it can readily be shown that the expression 

reduces to 

T T 

— T T — T" T ' ^ ' 

■^ b — ^ a ^ c -^ d 

Since the net work per stroke is W^ if we denote the num- 
ber of strokes per minute by n^ the horsepower required to 
drive the machine is 

rr__nJV_ ... 
"33,000* ^-^^ 

The gross horsepower required will of course be much 
greater, on account of the friction of the two pistons and of 
the other parts of the machine. 

If desired, the work W may be expressed in terms of the 
pressures and volumes instead of temperatures. Thus, using 
formula 88, Heat, 

W„, (area A B V, K) = ^^^A ^> -A ^») . 

W^ (area BCV, V,) = 144/, {V„ - V,). 

W^ (area CD V, K) = 1^^(A^^-A ^.) . 

W^ (area DAV^ V,) = 144 A (F„ - F,). 

144 X ^ [A ( f^6 - K) - A( K - Va) ]. {k) 

The factor 144 is used to reduce the pressures from pounds 
per square inch to pounds per square foot. 

The heat Q^ is given up by the air in the condenser. If G 
denotes the weight of cooling water used per stroke, and 
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FORMULAS FOR CALCULATING PROPBRTIB8 OF AMMO- 
NIA THAT ARB DBPBNDBNT UPON PRB8SURB 

AND TBMPBRATURB. 

The leading properties of ammonia that are dependent 
upon the pressure or temperature are given in Table 26, 
which is taken from Wood's ** Thermodynamics." The table 
is calculated from the following formulas, which are based 
partly on experimental data and partly on thermodynamic 
principles: 

Let p = absolute pressure of gas or vapor in pounds per 
square inch; 
/ = temperature of vapor, Fahrenheit ; 
V — volume of one pound of vapor; 
z/^= volume of one pound of ammonia liquid; 
7e/= weight of one cubic foot of vapor; 
r = latent heat of vaporization in B. T. U. 

Then, log/ = C. 2495 - ,^„ ' ^ . , ■ (115.) Art. 1358. 

-■= .6502-'o00778/ - <"«•> Art. 1358. 

^=7; +.00107 -^/+. 4923^. (117.) Art. 1358*^ 

p p 

1 

«; = — . 

V 

r = 555.5 - .G13 / - .000210 t\ (118.) Art. 1358. 

pv = .G2M T, (1 19.) Art. 1360. 

where M is the weight of gas and T is the absolute 
temperature. 

Corresponding to formulas 81, 86, and S7^ Heat, we 
have the following approximate formulas for the adiabatic 
expansion of superheated ammonia: 

p^ V^'-' =A V;'\ (120.) Art. 1360. 

^=(a)" = (a)"""- <*^*-> ''^"*^«^- 

T. Iv\' (122.) Art. 1360. 
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Heat Transfers. — Let /"„ denote the absolute tempera- 
ture of the gas in the state A, Fig. 2, which is practically 




the temperature of the coil B, Fig. 3, and let T^ denote the 
temperature of the gas at the end of compression. Since 




the gas is superheated during the compression, the final 
temperature T„ is given by formula 121* 



K T \'^r ^.^ jlXz tzk 



Lee T. Sss.c* t3if irriil -iaraencx:^ tiat the gas or vapor 
Aiiiirs n. ^it r:ciii£=si*r "y-»* 3S. J", 2? rbc temperature of 
c^kode^^f^&iDrc l^ec --. ^sonic^ i2e jsreit beat of Taporiza- 
tkxi a: ih* iici.r«;inrrr* T^ T^ sceci^ heat of ammonia 
gas Sein^ »^ tbi^ bi'ii riT*c xr 'rx a pc^md of the ^sls in 
cvv^Mng: :r:ci T, i: J", i> ^> ^ 7, — I". • R. T. U. In con- 
densing, a p:cn»c :c "Lzie c^s c-'^es nr- fnnber r, B. T. U. If 
J/ den-^ies ibc w-:^n: m r»:cLrf5> :c ix? ased per stroke, then 
the heat given nr i: ib? ^:o5ens«fr r*tr s:T\:4Le is evidently 

C = M >;•>'-"- - . - 'J B. T. U. , (^j 
= .»/■" 5..i<. --,-.-.. — '/B.T.U. i 



If /, and T. denote, Dfsyemvelv. the temperature of the 
cooling water as it enter> ind as :t leaves the condenser, 
then the weight ^H cvv^ling water required per stroke is 

,^Ja»>.r,-0-rJ^ (*) 



* « 



For the sake of simpiicity, we will assume that the pres- 
sure of the liquid ammonia drops from /^ to P^ before 
vaporization begins: while this is not precisely the case, the 
difference in the results is not appreciable. During the fall 
of temperature from T, to T^ . the original temperature of 
the gas in the coil /?, a pound of the liquid gives up 
s (Tc— Ta) heat-units, where s denotes the specific heat of 
liquid ammonia. During the vap*:»rization in the coil B, 
each pound absorbs r, B. T. V.. where r^ denotes the latent 
heat of vaporization corresponding to the pressure P^ and 
temperature T^. The net heat abstracted from the refrig- 
erator per stroke is therefore 

(2, = ^/[r.-.(7;-r..)]B.T.U., , 
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Since the specific heat of liquid ammonia is practically 1, 
we may write the equation 



Q, = M[r,-{T,-T„)]B.T.V. 
= J/[r.-(/„-/„)]B 



. T. U. f ^ ^ 



The work of the compressor per stroke in foot-pounds is 
IV= / {Q,^ Q,) = / M [r^-- r^ + .50S {t, - /,) + ^c - tal 

If n denotes the number of strokes per minute, the theoret- 
ical horsepower of the compressor is 

rr __ nJM\r^ - r. + .508 (/, - /,) + ^c ~ t^ / _x 

"" ^3,000 • ; ; ,^_^ 

Art. 1370. 

Efficiency. — The theoretical efficiency of the refrigera- 
ting-machine is 

Z7_/G,_ r, -(t;- t;) 

w - r,- r, + . 508(7; -r,)+r,- t;- ^^^ 

If we denote by T^ the temperature of the cold room or 
of the brine, if the latter be used, then the effective range 
of temperature is 7}— 7^^, where 7^, as before, denotes the 
absolute temperature of the cooling water as it leaves the 
condenser. In practice 7^ is always a little higher (5° to 10°) 
than the temperature 7^ of the ammonia in the refrigerating 
coils, and the temperature 7^ of the ammonia in the con- 
denser coils is always higher than Tf, The theoretical 
maximum efficiency for this temperature range is 

^m = T^^V"- (^) (^^^ ^^^- 1346.) Art. 1371. 

If — 1 i 

The economy of a machine may be judged by comparing 
the actual efficiency with this ideal efficiency E^. 

Volume of Compressor Cylinder. — Let v denote the 
volume of a pound of ammonia vapor at the pressure /^ in 
the coil B\ then, since M pounds of vapor are used per 
stroke, the cubic capacity of the cylinder must be 

C= J/ 2;' cubic feet, {h) Art. 1372. 
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Then, for 1-inch pipe, 

e=28.5|/?. (125.) Art. 1445. 

If 

The formula as given applies only to 1-inch pipe. If it 
is desired to ascertain the quantity of brine that will flow 
through pipes of other diameters, it is necessary to multiply 
the amount that a 1-inch pipe will deliver by the factor in 
the following conversion table opposite the given diameter: 

Diameter. Factor. 

I inch I . oo 

1 % inches i . 84 

i>^ ** ...' 3-02 

2 ** 6.53 

2>^ ** . 10.23 

3 '* 19- 10 

4 ** 40- 50 

5 ** 7200 

6 " • • • V 11500 

If we denote by G the actual quantity of brine used per 
minute and by Q the quantity delivered per minute by a 
1-inch pipe, then the factor required will be given by the 

Q 

quotient y)- '^^^ ^^^^ ^^ P^P^ required can then be deter- 
mined from the value found for the factor. 



CAPACITY OF DIRBCT-BXPANSION SYSTBM. 

As stated in Art. 1452, an accurate determination of 
the quantity of refrigeration produced by a direct-expansion 
system is not possible, and it is necessary to resort to calcu- 
lation to obtain an approximate result. From formula 
1 23, the refrigeration in 24 hours, expressed in tons of ice, 
\s F— .00505 n M\r^ — {t, - /„)], and the weight M of 

C 
ammonia circulated per stroke is M= — =Cw, where C 

denotes the volume of the compressor cylinder in cubic 
feet, V the volume of a pound of ammonia vapor at the 
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pressure in expansion coil, and w the weight of a cubic foot 
of the vapor at the same pressure. Substituting, we have 

F-=.00b0bnCw[r^-(t,-t,)1. (126.) Art. 1454. 

The factor ;/ is the number of compression strokes per 
minute; in single-acting compressors n will be equal to the 
number of revolutions per minute, and in double-acting 
machines to double that number. This formula gives the 
theoretical tonnage of the machine. ,To allow for such 
losses as clearance and cylinder superheating, deduct 25 per 
cent, from the result in case of a single-acting machine and 
30 per cent, for a double-acting machine. 

To obtain a rough approximation to the capacity, the 
following rule of thumb is sometimes used: With a suction 
pressure of 15 pounds, gauge, and a head pressure of 150 
pounds, a well-made single-acting compressor with small 
clearance spaces gives an ice-melting effect of 1 ton for 
4^ cubic feet of piston displacement per minute. With 
double-acting compressors, allow 5 to 6 cubic feet per minute 
for each ton. 



DIRECT MEASUREMENT OF AMMONIA. 

The formula for capacity applies to compressors working 
under the most favorable conditions, with small clearance 
losses and no leak about valves or pistons. The cylinder 
superheating is based upon a suction pressure of 15 pounds 
and a back pressure of 150 pounds. This loss is found 
in case of wet or dry compression or oil injection, the exact 
percentage differing with make of machine. To make even 
an approximately exact test upon a compression machine 
running with a direct-expansion system, it is necessary to 
measure directly the quantity of ammonia circulated by 
means of an ammonia meter in the feed line, between the 
receiver of the condenser and the expansion-valve. 

The meter should be calibrated in cubic feet by means of 
water before being placed in the feed line, care being taken 
to thoroughly eliminate any remaining water before the 
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meter is connected up. The weight in pounds per cubic 
foot of the liquid anhydrous ammonia for any required head 
pressure is given in the table of Properties of Saturated 
Ammonia. 

Let P denote the weight in pounds of anhydrous ammonia 
passed through the meter in 1 hour. Then the heat absorbed 
by the ammonia per hour is P [r — (/^ — / J ] B. T. U. arid 
the capacity in tons per 24 hours is 

24- 
' (127.) Art. 1455. 



HBAT BALANCED IIV ABSORPTION MACHINE. 

The various quantities of heat with which we are con- 
cerned in the test of an absorption machine are the foUow- 
i^S- (i) "^^^ heat given up to the condensing water by the 
condenser, absorber, rectifier, and weak-liquor cooler; let 
this heat be denoted by Q^. (2) The heat absorbed in the 
generator, Qg. (3) The heat abstracted from the brine, Q^,, 
(4) The heat equivalent of the work of the pump, which 
may be denoted by Q^. 

To determine the quantity ^c> it is necessary to measure 
the weight of condensing water flowing per minute or per 
hour and the temperature range. (Items 17 and 18, Sched- 
ule of Test.) The heat Qg may be determined as follows: 

Let 5 = weight of steam passing through the condenser 
per minute; 
L = latent heat of steam at given pressure ; 
/, = temperature of steam at given pressure ; 
/, = temperature of water leaving generator. 

In changing to water, each pound of steam gives up 
L B. T. U. and the water gives up in addition. /^ — /, B. T. U. 
in passing from the temperature t^ to /, (assuming, as is 
customary, that the specific heat of water is 1). 

Therefore, 

(2, = 5(Z. + /,-/J.. , (128.) Art. 1475. 
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The heat Qt, is determined as in the test of the compres- 
sion machine, and the heat Qp is found from the pump 
indicator-diagrams. 

The total heat given to the machine is evidently 

and Qc is the heat delivered by the machine to the condens- 
ing water; hence we have 

In practice, Qp is so small that it may be neglected in 
forming the heat balance, and the equation becomes 



FORMULAS USED IN REFRIGERATING AND 
ICE-MAKING MACHINERY. 



SPECIFIC GRAVITY OF WORT AT ANV TBMPBRATURB 

OTHBR THAN eO». 

j = j,^ + .00015 (60-/), (129.) Art. 1524. 

in which s is the specific gravity, / the temperature, and s^^ 
the specific gravity at 60°, as given in Table 31. If / is 
greater than 60, the factor 60 — / is negative, which means 
that / — 60 should be multiplied by .00015, and the result 
subtracted from s^^. 



RBFRIGBRATION REQUIRED FOR COOLING WORT. 

The capacity of a brewery is usually expressed by the 
number of 31.5-gallon barrels brewed per day of 24 hours. 
Let this number be denoted by b. Also, let ^ be the specific 
gravity of the wort, s its specific heat, T its tiemperature 
after leaving the upper coil of the cooler, t the temperature 
to which it must be reduced in trickling over the lower coil, 
and H the number of B. T. U. required to effect this reduc- 
tion of temperature. The value of T may be taken equal 
to the temperature of the water in the upper coil. The 
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weight of 31.5 gallons of water being 262.4 pounds, that of 
1 barrel of wort is 262.4^. Therefore, 

// = 262.4^*j(r-/). (130.) Art. 1527. 

If F is the number of tons of refrigeration corresponding 
to this heat, we have (formula 109) 

280,300 m,300 ^,3,_j ^^ ^^^^ 

The values of ^and s are taken from tables, assuming a 
mean temperature = \ (r+ /). Taking T- 70°, / = 40°, 
g = 1.05, and 5 = .91, the preceding formula becomes 

F= .0009197 X 1.05 X .91 X 30 * = .02636 b-^b, nearly. 

(132.) Art. 1527. 

If in this formula we make F=- 1, we get i = 38; that is, 
1 ton of refrigerating effect will cool 38 barrels of wort 
from 70° to 40°. 

RKFRIGBRATION RBQUIRBD TO RBMOVB THB HBAT OP 

FBRMBNTATION. 

The number H of B. T. U. necessary to dispose of the 
heat of fermentation of n barrels of wort is determined by 
the following formula: 

H=%n{5-s') (259 + s), (133.) Art. 1529. 

In this formula, s is the strength of the unfermented wort 
and 5* the strength of the fermented wort (the beer), both 
as given by a Balling saccharometer. The corresponding 
number F of tons of refrigeration is 

^= ^ " ^' m!ff ^ ^ ^^ = 00001052 n (. - /) (269 + s). 

(134.) Art. 1529. 

A rough approximation, which is sufficiently close for 
many purposes, as for general estimates, is obtained by ta- 
king J = 14 and s' = 4, in which case the value of F becomes 

F = . 028 « = ^, nearly. ( 1 35.) Art. 1 529. 
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If in this formula we make /^= 1, we get n = 36, which 
shows that to remove the heat of fermentation 1 ton of 
refrigerating capacity is required for every 36 barrels of 
beer. This applies to strong beers. For weak beers, 1 ton 
of refrigerating capacity may suffice for 50 or 60 barrels. 
For rough and preliminary estimates, 25 barrels are usually 
allowed per ton of refrigerating capacity. 



RBFRIGBRATION RBQUIRBD TO KBBP THB 
TBMPBRATURB OF THE ROOM. 

The refrigeration required to keep the room at a constant 
temperature is computed by means of the following general 
formula : 

- H=c A (t-t^), (136.) Art. 1543. 

in which H =B, T, U. of refrigeration required to maintain 
a given space at a certain temperature /,, when this space is 
separated from another, in which the temperature is /, by a 
surface whose area in square feet is A ; and c = constant 
depending upon the material and thickn-ess of the substance 
separating the two spaces. The value of the constant 
generally varies between 2 and 5. For rough estimates, it 
may be taken as equal to 3. 

The preceding refrigeration may be reduced to tons by 
dividing by 285,300; that is, the amount F of refrigeration, 
expressed in. tons, is 

^= 'i^i ^o'^ = .000003505^.4 (/ -/.)■ (137.) 

^^^'^^^ Art. 1543. 

Table 33 contains values of r as given in Siebel's Mechani- 
cal Refrigeration. 

For double floors and ceilings, air-tight and well filled, so 
as to prevent the ingress of air, c may be taken as 2. When 
a room is separated from the outside by a hermetically closed 
air-space between two walls, the value of c for the outside 
wall may be used in the formula, but instead of the tempera- 
ture /„ a mean should be taken between /, and /, which is 
equivalent to using \ {t — /,) instead of / -— t^. 
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For a wall consisting of several materials, the coefficient c 
may be found from the formula 

c = T \ , ( 1 38.) Art. 1 543. 

-'- + — + — + .... 
^, ^, ^, 

in which b^^ b^^ b^, etc., are the thicknesses, and r^, r,, c^, etc., 
the corresponding values of c for the several materials com- 
posing the wall. 

In large cold-storage warehouses of 250,000 cubic feet or 
over, 1 ton of refrigeration will maintain 10,000 cubic feet of 
well-insulated space at a temperature of 30°, and 5,000 cubic 
feet at 15°. In small warehouses of 50,000 to 100,000 cubic 
feet capacity, 1 ton of refrigerating effect will maintain 
6,000 cubic feet at cold-storage temperatures, and 3,000 at 
freezing temperatures. These figures do not include the 
refrigeration required to cool the goods. 



RBFRIGBRATION RBQUIRBD TO COOL THB ARTICLBS. 

The amount of refrigeration required to reduce the goods 
from their temperature / to the temperature t^ of the room 
is given by the formulas 

H={w^s^ + zv^s, + w,s,+ . . . .){t^tX (139.) 

Art. 1545. 

385,300 
.OOOOOZbOb{w^s^ + w^s^-\-ti\s^-\-. . . .)(/-/,), (140.) 

Art. 1545. 

in which w^, w^, etc., are the weights in pounds of the dif- 
ferent kinds of produce to be cooled, j^, s^, etc., their corre- 
sponding specific heats, and H and F are refrigeration units 
in B. T. U. and tons of refrigeration, respectively. 



TONS OF RBFRIGBRATION RBQUIRBD. 

If the weights of carcasses of different kinds are repre- 
sented by w^,w^^w^, etc., and the number of carcasses of 
each class by «j, «„ «„ etc., the weights to be cooled will 



^v^V^^ 
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be n^ 2t/„ ;/, w^^ ;/, «',, etc. Substituting these values 
for TC'j, ii\^ etc., in formula 140, and putting t— t^=. 
95° — 35° = 00°, we get, for the tons of refrigeration required, 

F= .000003505 (;/, zc, j, + ;/, z£/, j, + . . . . ) X 60 

= .0002103(;/,z£;,J, + «,w,J, + . . . .)• (141.) 

Art. 1557. 



sy 
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